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F I N A L REPORT
R I C H A R D S O N F L A T S T A I L I N G S S I T E

TDD #T08-9204-015 and #T08-9210-050
P A N E U T 0 0 3 9 S B A a n d E U T 0 0 3 9 S D A

1.0 INTRODUCTION AND PURPOSE
T h i s r e p o r t i s w r i t t e n t o s a t i s f y t h e r e q u i r e m e n t s o f T e c h n i c a l

D i r e c t i o n Document s (TDDs) #T08-9204-015 and T08-9210-050 issued to t o
the Eco logy and E n v i r o n m e n t , I n c . T e c h n i c a l A s s i s t a n c e T e a m (E & E-TAT)
b y t h e Region V I I I U . S . E n v i r o n m e n t a l P r o t e c t i o n A g e n c y ( U S E P A )
Emergency Respon s e Branch ( E R B ) . T h i s work was begun in A p r i l 1992.
Other r e p o r t s s u b m i t t e d b y t h e T A T under t h i s T D D i n c l u d e : " T r i p
R e p o r t , R i c h a r d s o n F l a t s T a i l i n g s S i t e , A u g u s t 1 7 , 1992"; a n d
" I n s p e c t i o n o f t h e T a i l i n g s D a m a t R i c h a r d s o n F l a t s , M e m o r a n d u m t o
E P A - O S C " , Augus t 6 , 1992. W i t h i n t h i s same t i m e f r a m e th e TAT ha s also
p e r f o r m e d work r e l evant t o t h e s i t e under t h r e e s e p a r a t e T D D s
(T08-9204-041 , T08-9207-019 and T 0 8 - 9 2 1 0 - 0 4 1 ) . R e p o r t s / d o c u m e n t s
generated by the TAT as a r e s u l t of these three TDDs are: the "Report
o f D r i l l i n g A c t i v i t i e s , R i c h a r d s o n F l a t s T a i l i n g s S i t e , J u l y 1 3 , 1992";
"Response t o PRPs S e p t e m b e r 10 , 1992 M e m o r a n d u m R e g a r d i n g W e l l
I n s t a l l a t i o n A c t i v i t i e s , Memorandum t o E P A / O S C , S e p t e m b e r 1 1 , 1992"; a n d
"Repor t o f S a m p l i n g A c t i v i t i e s , J a n u a r y 4 , 1993".

A l s o relevant to t h i s work i s the repor t e n t i t l e d "Air S a m p l i n g and
A n a l y s i s , F i n a l R e p o r t " , A u g u s t 1992, p r e p a r e d b y t h e Environmenta l
Respon s e T e a m ( E R T ) o f t h e U S E P A .

T h e R i c h a r d s o n F l a t s T a i l i n g s s i t e i s l o c a t e d three a n d one-ha l f
m i l e s n o r t h e a s t o f Park C i t y , S u m m i t C o u n t y , U t a h . O n a p p r o x i m a t e l y
160 acres f r o m 1975 through 1981 mine t a i l i n g s were p l a c e d by s lurryp i p e l i n e f r o m mines owned b y U n i t e d Park C i t y M i n e s ( U P C M ) . A smal l
p o r t i o n o f t h e s i t e w a s a l s o used f o r a m u n i c i p a l / s a n i t a r y l a n d f i l l
dur ing the mid-1970s.

T h e R i c h a r d s o n F l a t s T a i l i n g s s i t e a p p e a r e d i n t h e F e d e r a l R e g i s t e ron F e b r u a r y 7, 1992 as a p r o p o s e d N a t i o n a l P r i o r i t i e s L i s t (NPL) s i t e .
Because o f t h i s p r o p o s e d l i s t i n g t h e U S E P A / E R B became r e s p o n s i b l e f o r
as suring i m m e d i a t e s i t e s a f e t y f o r t h e i n t e r i m p e r i o d f o l l o w i n g p r o p o s e d
l i s t i n g through t h e i n i t i a t i o n o f remedial a c t i v i t i e s . T h e p u r p o s e o f
t h i s work has thu s been to examine the s i t e in t erms of i m m e d i a t e
t h r e a t s to human h e a l t h or the e n v i r o n m e n t . T h i s r e p o r t i s a summary of
f i n d i n g s t o tha t end.



2 .0 SUMMARY AND RECOMMENDATIONS
F o u r areas o f concern a t th e Richard son F l a t s T a i l i n g s s i t e have

been examined to d e t e r m i n e i m m e d i a t e t h r e a t s to human h e a l t h or the
environment. T h e s e f o u r areas are: 1. the airborne release of
c o n t a m i n a n t s ; 2 . th e r e l ea s e o f c o n t a m i n a n t s f r o m the t a i l i n g s area; 3 .
t h e re l ease o f c o n t a m i n a n t s f r o m t h e m u n i c i p a l / s a n i t a r y l a n d f i l l area;
and 4. s i t e access. In g e n e r a l , the s i t e p r e s e n t s l i t t l e or no
i m m e d i a t e t h r e a t to human h e a l t h or the env ironment . F o l l o w i n g i s a
summary o f s p e c i f i c f i n d i n g s and s p e c i f i c r e commendat ions t o assure s i t e
s a f e t y i n t h e i n t e r i m p e r i o d p r e c e d i n g r emedia l a c t i v i t i e s .
F i n d i n g s

A i r b o r n e releases o f me ta l c o n t a m i n a n t s f r o m th e t a i l i n g s area
have been m i n i m i z e d and do not po s e an i m m e d i a t e t h r e a t .
E x i s t i n g soi l and s a l t gras s cover over the t a i l i n g s area are
p r o v i d i n g a d e q u a t e d u s t s u p p r e s s i n g c a p a b i l i t y t o pr ev en t a n
i m m e d i a t e threa t o f airborne contaminant releases. For the longt erm however, soi l cover is s p a r s e and sa l t grass may d i s a p p e a r
as the s i t e becomes dr i e r . In the l ong t e r m , d u s t y c o n d i t i o n s
may recur.
S o i l being used by UPCM for t a i l i n g s cover does not conta in
c o n t a m i n a n t s at c o n c e n t r a t i o n s t h a t po s e an i m m e d i a t e thr ea t to
human h e a l t h or the environment .
T h e r e i s no i m m e d i a t e t h r e a t o f gros s f a i l u r e o f t h e t a i l i n g scontainment s t r u c t u r e . T h e r e i s s e epage , however, througha n d / o r around the dam end o f the s t r u c t u r e . In the summer o f1992, a h i l l s i d e d i v e r s i o n d i t c h on the n o r t h p e r i m e t e r o f the
t a i l i n g s area had a l s o been cu t o f f f r o m t h e main d r a i n a g e
d i t c h . T h i s could p e r m i t r u n o f f i n t o t h e t a i l i n g s area.
During t h e p e r i o d o f t h i s a s s e s s m e n t , s u r f a c e water f l o w a n d
r u n o f f f r o m the t a i l i n g s area was very low. A l m o s t noc o n t a m i n a n t s a t t r i b u t e d t o th e s i t e could b e d o c u m e n t e d e n t e r i n glocal s u r f a c e water . The e x c e p t i o n wa s th e d o c u m e n t a t i o n o f a
release o f lead (151 u g / 1 ) t o S i l v e r Creek f r o m the s i t e .
A l t h o u g h t h i s re l ease i s a very i m p o r t a n t f i n d i n g , i t i s notconsidered an i m m e d i a t e threat to human h e a l t h and thee n v i r o n m e n t . T h i s r e l ea se would be b e t t e r a d d r e s s e d by a
c o m p r e h e n s i v e r emed ia l p l a n ra th er than by emergency r e s p o n s ea c t i o n s .
The p l a c e m e n t o f t a i l i n g s has c o n t r i b u t e d to a s i g n i f i c a n t risei n t o t a l d i s s o l v e d s o l i d s ( T D S ) o f s h a l l o w g r o u n d w a t e r .
C o n c e n t r a t i o n s o f i n d i v i d u a l m e t a l c o n t a m i n a n t s d o n o t increaset o s i g n i f i c a n t l e v e l s w i t h i n s h a l l o w groundwat er near th e
t a i l i n g s area.
S e d i m e n t in t h e " w e t l a n d s " area o f t h e s i t e b e tween S i l v e r Creek
and the base of the t a i l i n g s dam is s evere ly c o n t a m i n a t e d w i t h



t a i l i n g s m a t e r i a l a n d t h e a s s o c i a t e d h i g h l e v e l s o f m e t a l s
( a r s e n i c , c a d m i u m , l e a d , . . . .) . Because t h i s area i s s ix to
e i g h t f e e t above S i l v e r Cre ek a n d s u r f a c e wat er f l o w t h r o u g h i t
i s f r o m th e d i v e r s i o n d i t c h and f r o m s e epage t h r o u g h th e
t a i l i n g s c o n t a i n m e n t s t r u c t u r e , t h i s s e d i m e n t c o n t a m i n a t i o na p p e a r s d i r e c t l y a t t r i b u t a b l e t o t h e s i t e . A l t h o u g h t h i s i s a
very s i g n i f i c a n t f i n d i n g , c o n t a m i n a t e d s e d i m e n t i s r e l a t i v e l y
i m m o b i l e and the r e s u l t o f a l o n g t e rm pro c e s s . It i s no t
c on s id e r ed an i m m e d i a t e t h r e a t and would be b e t t e r a d d r e s s e d by
a c o m p r e h e n s i v e r e m e d i a l p l a n ra th er than by emergency r e s p o n s e
ac t i on s .
In the area of the m u n i c i p a l / s a n i t a r y l a n d f i l l , no organic or
inorgani c c o n t a m i n a n t s t h a t cou ld b e a t t r i b u t e d t o th e s i t e were
d e t e c t e d in s u r f a c e wa t er .
S h a l l o w g r o u n d w a t e r i n t h e area o f t h e m u n i c i p a l / s a n i t a r yl a n d f i l l showed n o organi c c o n t a m i n a n t s a t t r i b u t e d t o t h e s i t e ;
however, IDS and ar s en i c c o n c e n t r a t i o n s do show increase s whi ch
are a t t r i b u t e d to the s i t e .
S i t e access has been s a t i s f a c t o r i l y l i m i t e d by a s e cur i ty f e n c e
s u r r o u n d i n g t h e s i t e .

R e c o m m e n d a t i o n s
o A l t h o u g h s erious e n v i r o n m e n t a l concerns have been d o c u m e n t e d at

t h e R i c h a r d s o n F l a t s T a i l i n g s s i t e , t h i s r e p o r t does n o trecommend tha t any of the s e concerns be addre s s ed w i t h emergency
re spon s e a c t i o n s as i m m e d i a t e t h r e a t s to human h e a l t h or the
environment. The concerns of s u r f a c e water, groundwat er , and
s e d i m e n t c o n t a m i n a t i o n a n d p o t e n t i a l a irborne re l ease s o f m e t a l sdocumented by t h i s and o ther s t u d i e s are p r o b l e m s which have
e x i s t e d f o r many years. T h e s e v e r i t y o f th e s e p r o b l e m s w i l l n o t
increase d r a m a t i c a l l y bu t w i l l p e r s i s t a t a s t e a d y l ev e l . T h i sr e p o r t recommends t h a t a l l concerns a t t h e R i c h a r d s o n F l a t sT a i l i n g s s i t e b e a d d r e s s e d t h r o u g h t h e c o m p r e h e n s i v e r e m e d i a l
p l a n n i n g p r o c e s s which N P L s i t e s a r e s u b j e c t t o . T h e body o ft h i s r e p o r t s h o u l d c l a r i f y some o f t h e s i t e concerns and s h o u l das s i s t in d e v e l o p i n g the remedial p l a n s .

3 . 0 S I T E A C T I V I T I E S
F o l l o w i n g a n i n i t i a l s i t e v i s i t i n A p r i l 1992, t h e T A T p r e p a r e d awork p l a n t o assess c o n t a m i n a n t r e l ea s e s t o g r o u n d w a t e r , s u r f a c e w a t e r ,and to the local environment via the air p a t h w a y . C o n t a m i n a n t s o f

concern i n c l u d e m e t a l s f r o m the t a i l i n g s area and the l a n d f i l l area, andseveral t y p e s o f p o t e n t i a l organic c o n t a m i n a n t s f r o m t h e l a n d f i l l area.
A d d i t i o n a l m o n i t o r i n g w e l l s were i n s t a l l e d a t t h e s i t e d u r i n g t h eweek of J u n e 22, 1992. Air m o n i t o r i n g was c o n d u c t e d by the ERT on J u n e

10 and 11, 1992. D u r i n g the week of A u g u s t 3, 1992 the TAT was o n - s i t e
f o r several a c t i v i t i e s i n c l u d i n g g r o u n d w a t e r a n d s u r f a c e water s a m p l i n g ,d e t e r m i n a t i o n o f d e p t h o f cover o n t h e t a i l i n g s area, s a m p l i n g o f cover



so i l m a t e r i a l , a n d i n s p e c t i o n o f t h e t a i l i n g s c o n t a i n m e n t s t r u c t u r e a n d
d i v e r s i o n d i t c h s y s t e m . A d d i t i o n a l g r o u n d w a t e r s a m p l i n g occurred d u r i n g
the week of N o v e m b e r 9, 1992.
4 . 0 R E S U L T S A N D F I N D I N G S
4 . 1 A I R M O N I T O R I N G

I n J u l y 1986 a i r m o n i t o r i n g d o c u m e n t e d t h e airborne release o f
ar s en i c , c a d m i u m , l e a d , a n d zinc i n p a r t i c u l a t e f o r m f r o m t h e R i c h a r d s o n
F l a t s T a i l i n g s s i t e . S i n c e that t ime UPCM has p l a c e d cover soil over
a p p r o x i m a t e l y 8 5 % ( U P C M ' s e s t i m a t e ) o f t h e t a i l i n g s area. O n J u n e 1 0
and 11, 1992 air s a m p l e s were again c o l l e c t e d to assess the a irborne
release o f the s e f o u r m e t a l s . A t 5 s a m p l i n g l o c a t i o n s o n t h e s i t e ' s
p e r i m e t e r boundary 17 a ir s a m p l e s were c o l l e c t e d . The s a m p l i n g
p r o c e d u r e and a n a l y t i c a l r e s u l t s are c o n t a i n e d in t h e i r e n t i r e t y in the
A i r S a m p l i n g a n d A n a l y s i s , F i n a l R e p o r t , R i c h a r d s o n F l a t s , A u g u s t 1992,
p r e p a r e d b y t h e U S E P A / E R T . I n summary, th e s e a i r m o n i t o r i n g a c t i v i t i e s
showed no d e t e c t a b l e l e v e l s of c a d m i u m , l e a d , or arsenic in any s a m p l e s .
T r a c e l e v e l s o f zinc (a t t h e l evel o f q u a n t i t a t i o n ) were d e t e c t e d in
f o u r s a m p l e s only. No s a m p l e s on any day under any wind c o n d i t i o n
e x h i b i t e d e l e v a t e d l e v e l s o f c o n t a m i n a n t s . R e s t r i c t i o n f r o m s i t e access
p r e c l u d e d t h e i m p l e m e n t a t i o n o f t h e o p t i m u m s a m p l i n g s t r a t e g y ; however ac o n c l u s i o n can s t i l l b e made t h a t airborne re l ease s o f c o n t a m i n a n t s f r o m
t h e R i c h a r d s o n F l a t s T a i l i n g s s i t e ar e no t p o s i n g an i m m e d i a t e t hr ea t t o
human h e a l t h or the environment .
4 . 2 T A I L I N G S A S S E S S M E N T

4.2.1 DEPTH OF C O V E R
D e p t h of cover was d e t e r m i n e d at 29 l o c a t i o n s over the t a i l i n g s

area. T h e s e l o c a t i o n s are d e p i c t e d on F i g u r e 2. L o c a t i o n s were
d e t e r m i n e d by f i r s t e s t a b l i s h i n g a r e f e r e n c e l i n e in an a p p r o x i m a t e
d i r e c t i o n o f n o r t h w e s t t o s o u t h e a s t t h r o u g h t h e t a i l i n g s area ( F i g u r e
1). T h i s r e f e r e n c e l i n e i n c l u d e s and i s a c o n t i n u a t i o n o f a s t r a i g h t
p o r t i o n of the t a i l i n g s c o n t a i n m e n t s t r u c t u r e as shown in F i g u r e 1.
P o i n t s were marked along t h i s r e f e r enc e l ine at 200 or 400 f o o t
i n t e r v a l s . At 2800 f e e t f r o m the base p o i n t a second r e f e r e n c e l i n e wase s t a b l i s h e d i n a p e r p e n d i c u l a r d i r e c t i o n t o t h e f i r s t r e f e r e n c e l i n e .
T h i s second r e f e r e n c e l i n e e x t e n d e d in an a p p r o x i m a t e d i r e c t i o n f r o m
s ou thwe s t t o n o r t h e a s t . For th e p u r p o s e o f s a m p l i n g or so i l cover
measurement s , a l l l o c a t i o n s w i t h i n t h e t a i l i n g s area were i d e n t i f i e d
r e l a t i v e t o th e s e t w o r e f e r e n c e l i n e s . F o r e x a m p l e , a s a m p l e l o c a t i o ni d e n t i f i e d as 1900, 800L would be 1900 f e e t f r o m the base p o i n t ( u s i n g
t h e f i r s t r e f e r e n c e l i n e ) a n d 8 0 0 f e e t t o t h e l e f t ( n o r t h e a s t ) u s ing t h e
second r e f e r e n c e l in e .

S a m p l e l o c a t i o n s were on an a p p r o x i m a t e g r i d p a t t e r n of 400 f e e t x
400 f e e t . The gr id covered most o f th e t a i l i n g s area. T a b l e 1 p r e s e n t sth e r e s u l t s o f cover d e p t h mea sur ement s . At a l l bu t one l o c a t i o n ad i s t i n c t l in e could be seen be tween soi l cover and gray co lored t a i l i n g s
b enea th t h e cover. X - r a y f l u o r e s c e n c e ( X R F ) measurement s f o r lead weretaken t o c o n f i r m t h e visual d e t e r m i n a t i o n o f cover d e p t h o r t o d e t e r m i n e



cover d e p t h where a d i s t i n c t l i n e was not v i s i b l e . As seen in T a b l e 1 ,
much o f th e t a i l i n g s area i s covered w i t h a s a l t gras s . T h i s i s a
n a t i v e gras s which a p p e a r e d t o f o r m an e x c e l l e n t cover on the t a i l i n g s .
W h e r e the s a l t grass i s p r e s e n t no so i l cover had been p l a c e d over the
t a i l i n g s ; however r o o t s o f t h e gras s e x t e n d e d f i v e t o s i x inches b e l ow
ground s u r f a c e , and th e r o o t s and th e grass i t s e l f f o r m e d an e f f e c t i v e
d u s t s u p p r e s s i n g m a t o n t o p o f t a i l i n g s m a t e r i a l .

T h e gr id p a t t e r n shown i n F i g u r e 2 r e p r e s e n t much o f t h e e n t i r e
t a i l i n g s area. Of the 29 p o i n t s on t h i s gr id on ly 1 p o i n t had no cover
so i l and no s a l t gras s p r e s e n t . N i n e o f the 29 p o i n t s ( a p p r o x i m a t e l y 30
p e r c e n t ) had no cover so i l p r e s e n t . At the 20 p o i n t s where cover soi l
was p r e s e n t , the cover s o i l was 6 inches t h i c k or l e s s at 6 p o i n t s and
g r e a t e r than 6 inches in t h i c k n e s s at 14 p o i n t s .

I t i s i m p o r t a n t t o no t e t h a t t h e s a l t gras s wh i ch became
e s t a b l i s h e d on the t a i l i n g s area i s l i k e l y d e p e n d e n t upon a m o i s t
environment f o r s urv iva l . T h i s grass became e s t a b l i s h e d when t a i l i n g s
were s l u r r i e d t o t h e s i t e c r e a t i n g p e r i o d s o f s t a n d i n g water. T h e grass
may s l o w l y d i s a p p e a r , and i t s e x t e n s i v e root s y s t e m may make c o n d i t i o n s
d i f f i c u l t f o r o t h e r p l a n t s t o become e s t a b l i s h e d .

U P C M h a s e x p r e s s e d i n t e n t i o n s o f a d d i n g so i l cover t o t h a t sma l l
p o r t i o n of the s i t e which c u r r e n t l y has no so i l cover or where s a l t
grass i s no t e s t a b l i s h e d . W h e n t h i s i s c o m p l e t e d , the t a i l i n g s area
w i l l have ad equa t e cover to pr even t an i m m e d i a t e t hr ea t of exce s s ive
d u s t . Much o f th e e x i s t i n g soil cover, however, i s s p a r s e ( l e s s than
six inches in t h i c k n e s s ) ; and much of the area is covered w i t h a sa l t
grass tha t may d i s a p p e a r a s the s i t e becomes d r i e r . D u s t y c o n d i t i o n s
could recur in th e f u t u r e i f p r o p e r so i l cover over th e e n t i r e t a i l i n g s
area is not a p p l i e d .

4.2.2 C O V E R S O I L A N A L Y S E S
F i g u r e 2 shows the l o c a t i o n o f s i x soil s a m p l e s c o l l e c t e d on A u g u s t

6 , 1992. Each o f t h e s e s a m p l e s , e x c e p t s a m p l e R F - S O - 3 , wa s taken f r o m
soil tha t was a d d e d by UPCM as cover to the s i t e . T a b l e 2 c o n t a i n s
a n a l y t i c a l r e s u l t s f o r t h e s e s a m p l e s a n d t h e normal ranges f o r t h e s ee l e m e n t s i n s o i l s o f t h e we s t e rn U n i t e d S t a t e s . S a m p l e R F - S O - 3 w a s
c o l l e c t e d w i t h i n an area covered by s a l t grass. As d i s c u s s e d , where
sa l t grass is c u r r e n t l y e s t a b l i s h e d soi l cover has not been added by
U P C M . T h i s so i l s a m p l e i s more l i k e l y t o b e r e p r e s e n t a t i v e o f t a i l i n g sm a t e r i a l .

As T a b l e 2 shows, c o n s t i t u e n t s o f soi l cover do not c o n s i s t e n t l y
f a l l i n t o t h e normal ranges f o r a l l e l e m e n t s . I n so i l cover s a m p l e s ,
however, no c o n t a m i n a n t i s g r o s s l y out of l in e f r o m the normal ranges
p r e s e n t e d in T a b l e 2 . R e s u l t s f o r s a m p l e R F - S O - 0 3 show very h igh
c o n c e n t r a t i o n s o f a n t i m o n y , ar s enic , c a d m i u m , c o p p e r , l e a d , mercury,s e l e n i u m , and z inc; however t h i s s a m p l e i s t a i l i n g s , not cover m a t e r i a l .
I t a p p e a r s t h a t soi l b e ing used f o r cover m a t e r i a l b y U P C M does n o t
c o n t a i n c o n t a m i n a n t s a t c o n c e n t r a t i o n s t h a t would po s e an i m m e d i a t e
t h r e a t to human h e a l t h or the e n v i r o n m e n t .



4.2.3 T A I L I N G S C O N T A I N M E N T
O n A u g u s t 4 , 1992 t h e T A T i n s p e c t e d t h e t a i l i n g s c o n t a i n m e n t

s t r u c t u r e . T h i s i n s p e c t i o n d i d n o t i n c l u d e t r e n c h i n g o r b o r i n g i n t o t h e
embankment and thus was not a f u l l a s s e s sment o f the s t r u c t u r e . R e s u l t s
o f t h i s i n s p e c t i o n were s u m m a r i z e d in a memorandum to th e OSC d a t e d
A u g u s t 8 , 1992.. T h i s memo i s i n c l u d e d w i t h t h i s r e p o r t a s A p p e n d i x A .
I m p o r t a n t f i n d i n g s o f t h i s i n s p e c t i o n f o l l o w .

1. M a i n E m b a n k m e n t .The main embankment i s o v e r s t e e p l y i n g at 1.0:1.0 to 1.5:1.0
( r u n : r i s e ) . A p p r o x i m a t e l y s i x inches o f f i n e d r y sand , p o s s i b l y
w i n d b l o w n t a i l i n g s , were n o t e d under a three inch t o p s o i l cover
layer on the d o w n s t r e a m f a c e of the embankment. The sand has no
s t r e n g t h and w i l l e rode q u i c k l y if e x p o s e d . A 35% to 50% grass
cover was on most of the embankment which w i l l h e l p in e ro s i on
c o n t r o l . No c r a c k i n g was e v i d e n t on the e m b a n k m e n t , a l t h o u g h
the sand layer w o u l d tend to h i d e any smal l crack ing. A l s o , no
b e n d i n g ( b u l g i n g ) was n o t e d on the embankment .

2 . T o e o f t h e M a i n E m b a n k m e n t .
Rank v e g e t a t i o n , in the f o r m of w i l l o w s and t r e e s , i s g row ing att h e t o e o f t h e dam. A p p r o x i m a t e l y e i g h t inches o f l oamy d a m p
soil i s e v i d e n t on the toe o f the dam. The amount of v e g e t a t i o nand the t y p e o f s o i l s on the toe o f the dam i n d i c a t e t ha t thearea receives a lot of water. As wet s o i l s were no t ed
a p p r o x i m a t e l y s i x t o e i g h t f e e t above t h e s t r e a m level t h i swater i s p r o b a b l y due to s e epage under the dam. O t h e r ev idenc e
o f s e epage f r o m t h e t o e o f t h e d a m w a s e v i d e n t i n t h e f o r m s o f ;
s o f t marshy areas, rank v e g e t a t i o n i n c l u d i n g w i l l o w s , l oamy
s o i l s , d a m p s o i l s , and areas where wa t e r had been s t a n d i n g
( a l t h o u g h no s t a n d i n g wa t e r was observed on A u g u s t 4, 1 9 9 2 ) .

3 . T h e N o r t h A b u t m e n t .
A s w a m p y , loamy area on the n o r t h a b u t m e n t , a d j a c e n t to where
the embankment mee t s the a b u t m e n t , was n o t e d . The area was wel labove the toe o f the dam at the l o c a t i o n of the n o r t h m o n i t o r i n gw e l l . T h i s well recharged q u i c k l y when b a i l e d . T h e s e
c o n d i t i o n s i n d i c a t e t ha t water s e e p s around or t h r o u g h the
c on ta c t be tween th e a b u t m e n t and th e embankment. U n d e r f u l l
head c o n d i t i o n s ( s a t u r a t e d t a i l i n g s ) t h i s would be an area where
f a i l u r e o f the embankment could occur.

4. C r e s t of the M a i n Embankmen t .
The crest i s s l o p e d back toward the t a i l i n g s area a l l o w i n g any
water t o d r a i n back t o t h e t a i l i n g s p o n d . H o w e v e r , smal l
erosional g u l l i e s are f o r m i n g on the crest and d o w n s t r e a m f a c eof the dam and cou ld e v e n t u a l l y lead to larger g u l l y i n g on thedam.

5 . W a t e r F l o w .
W a t e r e l e v a t i o n s b e h i n d the embankment are unknown, however the
e l e v a t i o n o f wa t er in th e d i t c h and the pond s o u t h o f th e
t a i l i n g s area a r e p r o b a b l y i n d i c a t i v e o f t h e e l e v a t i o n o f



g r o u n d w a t e r b e h i n d t h e e m b a n k m e n t . F r o m t h e i n f o r m a t i o n
a v a i l a b l e i n t h p Dames & M o o r e , I n c . r e p o r t s , i t i s u n l i k e l y
t ha t a c u t o f f vail w a s i n s t a l l e d around t h e p e r i m e t e r o f t h e
pond to c o n t r o l s e e p a g e under e i t h e r the embankment or the d i k e .The p i e z o m e t e r l o c a t e d on th e t o e o f t h e dam i n d i c a t e d th e wa t er
l eve l t o b e f i v e f e e t b e l o w ground s u r f a c e . T h e swampy groundand recharge rate of the m o n i t o r i n g well on the north abutment
i n d i c a t e s t h a t water f l o w f r o m some source i s o c curr ing.
I n s p e c t i o n o f the road cu t n o r t h o f the abu tment revealed no
seeps. W i t h o u t f u r t h e r i n v e s t i g a t i o n i t i s conservative to use
a worst case s cenario and assume tha t the source of the s e e p is
the water in the t a i l i n g s behind the dam and t h a t the
a b u t m e n t / e m b a n k m e n t contac t i s a drainage p a t h for the water.

6. P e r i m e t e r Dike.The p e r i m e t e r d ike wa s p r o b a b l y c o n s t r u c t e d by s t r i p p i n g
m a t e r i a l s o f f o f t h e d o w n s t r e a m s i d e a n d p i l i n g t h e
u n d i f f e r e n t i a t e d m a t e r i a l up a s a d ik e . The s l o p e s area p p r o x i m a t e l y 2.0:1.0. The d i k e i s used as the access road for
t h e pond a n d i t s e l e v a t i o n varies f r o m t w o t o f i v e f e e t above
th e level o f t h e t a i l i n g s in th e p o n d . The d i k e a p p e a r s t o b e
in good c o n d i t i o n .

7. Diver s i on D i t c h .A d i v e r s i o n d i t c h has been c o n s t r u c t e d a long the p e r i m e t e r o f
the t a i l i n g s pond a s d e s i g n e d by Dames & M o o r e , I n c . The d i t c h
d e p t h and w i d t h varie s , g e n e r a l l y g e t t i n g d e e p e r and w i d e r as i t
p r o g r e s s e s d o w n s t r e a m . S t a n d i n g water was ev id en t in most o f
t h e d i t c h on th e s o u t h e r n p e r i m e t e r o f t h e p r o p e r t y . Rushe s ,
s edge s , and c a t t a i l s wee growing in the b o t t o m of the d i t c ha long the e n t i r e l e n g t h . Recent work has been p e r f o r m e d by the
owners in f l a t t e n i n g th e d i t c h banks and a d d i n g t o p s o i l t o t h e
banks. T h i s work i s a p p r o x i m a t e l y one-half c o m p l e t e d .
A c c o r d i n g to the owners , the rest o f the d i t c h i s to bes i m i l a r l y r egraded a n d t o p s o i l e d . A t t h e t i m e T A T i n s p e c t e d t h e
s i t e , the h i l l s i d e d iver s i on d i t c h , on the north p e r i m e t e r o fth e t a i l i n g s p o n d , had been cu t o f f f r o m the main d i t c h a s are su l t o f t o p s o i l s t r i p p i n g . T h i s i m p o r t a n t f e a t u r e shou ld b e
reconnected to the main d i t c h as soon as p o s s i b l e to preventa d d i t i o n a l water f l o w i n g i n t o t h e t a i l i n g s p o n d .

In c o n c l u s i o n , based on the observed c o n d i t i o n s o f the t a i l i n g sc o n t a i n m e n t or embankment s t r u c t u r e and the r e l a t i v e l y dry c o n d i t i o n o f
t h e t a i l i n g s , there i s no i m m e d i a t e t h r e a t o f gross f a i l u r e o f t h i s
s t r u c t u r e . Of more i m m e d i a t e concern are: s e e p a g e f r o m the t o e o f the
dam ev idenced by w e t / s a t u r a t e d soi l we l l above s t r e a m l e v e l ; s e e p a g earound or t h r o u g h the c o n t a c t b e tween the abu tment and the embankment
near th e l o c a t i o n o f th e n o r t h e r n m o s t g r o u n d w a t e r m o n i t o r i n g w e l l ; and
t h e h i l l s i d e d i v e r s i o n d i t c h l o c a t e d o n t h e nor th p e r i m e t e r o f t h e
t a i l i n g s area which h a s been c u t o f f f r o m t h e main d r a i n a g e d i t c h b yt o p s o i l s t r i p p i n g a c t i v i t i e s a l l o w i n g r u n o f f i n t o t h e t a i l i n g s area.

Recommendat i on s i n c l u d e k e e p i n g the t a i l i n g s area dry through themaintenance o f t h e d i v e r s i o n d i t c h e s . T h e c onne c t i on be tween t h e



h i l l s i d e d i v e r s i o n d i t c h a n d t h e p e r i m e t e r d i v e r s i o n d i t c h s h o u l d b e
r e s t o r e d .

4.2.4 S U R F A C E W A T E R
S u r f a c e water s a m p l e s c o l l e c t e d f o r a s s e s sment o f t h e t a i l i n g s area

are shown on F i g u r e 1 . T h e s e e i g h t s a m p l e numbers are R F - S W - 0 1 t h r o u g h
R F - S W - 0 8 . I n o r g a n i c a n a l y t i c a l r e s u l t s f o r s u r f a c e wat er s a m p l e s a r ep r e s e n t e d i n T a b l e 3 . W i t h i n S i l v e r Creek s a m p l e s R F - S W - 0 1 t h r o u g h
R F - S W - 0 4 ar e c o n s i d e r e d u p g r a d i e n t o f t h e t a i l i n g s area and s a m p l e s
R F - S W - 0 5 a n d R F - S W - 0 6 a r e d o w n g r a d i e n t . I n c o m p a r i n g u p g r a d i e n t s a m p l er e s u l t s w i t h d o w n g r a d i e n t s a m p l e r e s u l t s very f e w s i g n i f i c a n t
d i f f e r e n c e s are n o t e d . Lead increases by a f a c t o r o f 5.7 in s a m p l e
R F - S W - 0 5 when compared t o t h e average lead c o n c e n t r a t i o n o f t h e f o u r
u p g r a d i e n t s a m p l e s . I n s a m p l e R F - S W - 0 6 arsenic increases b y a f a c t o r o f
2.1 and s i l v e r increase s by a f a c t o r of 4.2 when compared to the average
c o n c e n t r a t i o n o f t h e f o u r u p g r a d i e n t s a m p l e s .

I t i s i m p o r t a n t t o r e a l i z e t h a t w i t h i n s u r f a c e wat er most m e t a l s
w i l l b e q u i c k l y o x i d i z e d , p r e c i p i t a t e , a n d t end t o s e t t l e o u t o f t h ebu lk water a n d became i n c o r p o r a t e d i n t o s t r e a m s e d i m e n t . T h u s , m e t a l sin s u r f a c e water g e n e r a l l y are t r a n s p o r t e d in p a r t i c u l a t e / s u s p e n d e d
f o r m . I n a very l o w f l o w p e r i o d o f t h e year ( A u g u s t ) , when s u r f a c e
water i s not t u r b u l e n t , m e t a l s are not t r a n s p o r t e d to the e x t e n t t h a t
th ey a r e t r a n s p o r t e d d u r i n g h i g h e r f l o w c o n d i t i o n s .

The U t a h C o d e , 26-11-2 t h r o u g h 20 , ha s c l a s s i f i e d t h e W e b e r Riverf r o m t h e S t o d d a r d d i v e r s i o n t o t h e h e a d w a t e r s ( i n c l u d i n g S i l v e r C r e e k )i n t h e f o l l o w i n g manner: I C - p r o t e c t e d f o r d o m e s t i c p u r p o s e s w i t h p r i o rt r e a t m e n t by t r e a t m e n t p ro c e s s e s as required by the U t a h D e p a r t m e n t of
H e a l t h ; 3 A - p r o t e c t e d f o r c o ld water s p e c i e s o f game f i s h a n d o t h e r co ld
water a q u a t i c l i f e , i n c l u d i n g t h e necessary a q u a t i c o rgan i sms i n t h e i r
f o o d chain; a n d 4 - p r o t e c t e d f o r a g r i c u l t u r a l uses i n c l u d i n g i r r i g a t i o n
o f c r o p s a n d s t o c k w a t e r i n g . T h e U t a h C o d e e s t a b l i s h e s s p e c i f i c numeric
c r i t e r i a f o r c o n t a m i n a n t s based u p o n u s e c l a s s i f i c a t i o n .

A p p l i c a b l e i n o r g a n i c s t a n d a r d s f r o m t h e S t a t e C o d e a r e summarized
in T a b l e 4 . The U t a h C o d e p r o h i b i t s d i s c h a r g e s or p l a c e m e n t o f wa s t e sin such a manner t h a t w i l l cause v i o l a t i o n s of the se numericals t a n d a r d s . The S t a t e ha s d e s i g n a t e d S i l v e r Creek t o b e in three u s e
c las s e s ( 1 C , 3 A , a n d 4 ) . F o r t h e d o m e s t i c source c la s s ( 1 C ) u p g r a d i e n t
s a m p l e s f r o m S i l v e r Creek meet a l l s t a n d a r d s . T h e t w o d o w n g r a d i e n tS i l v e r Creek s a m p l e s meet a l l s t a n d a r d s e x c e p t f o r lead i n s a m p l e
R F - G W - 0 5 . T h e d a t a i n d i c a t e s t h a t d u r i n g t h i s s a m p l i n g event a
v i o l a t i o n o f t h e lead s t a n d a r d f o r t h e S t a t e D o m e s t i c S o u r c e ( 1 C )s u r f a c e water c la s s wa s caused by d i s c h a r g e s f r o m th e Richard s on F l a tt a i l i n g s s i t e . F o r t h e A g r i c u l t u r a l C l a s s ( 4 ) t h e d a t a a l s o i n d i c a t e s a
v i o l a t i o n o f t h e lead s t a n d a r d i n s a m p l e R F - S W - 0 5 .

S t a t e s t a n d a r d s f o r C l a s s 3 A S u r f a c e W a t e r s , p r o t e c t e d f o r c o ld
water s p e c i e s o f game f i s h a n d o t h e r co ld wat er a q u a t i c l i f e , i n c l u d i n gt h e necessary a q u a t i c o r g a n i s m s in t h e i r f o o d cha in , ar e d i v i d e d i n t o
f o u r day average ( c h r o n i c ) s t a n d a r d s and one hour average ( a c u t e )s t a n d a r d s . G r a b s a m p l e s c o l l e c t e d d u r i n g th e week o f A u g u s t 4 , 1992



cou ld o n l y b e c o m p a r e d t o t h e a c u t e s t a n d a r d s . T h i s c o m p a r i s o n shows
t h a t n p g r a c b ' e n t a n d d o w n g r a d i e n t s a m p l e s f r o m S i l v e r Creek , meet a l l
C l a s s 3A s t a n d a r d s , e x c e p t t h o s e s t a n d a r d s f o r lead and zinc wh i ch ar e
exceeded in b o t h u p g r a d i e n t and d o w n g r a d i e n t s a m p l e s .

T h e S t a t e C o d e a l s o c o n t a i n s numeric s t a n d a r d s f o r s u r f a c e w a t e r sf o r t h e p r o t e c t i o n o f human h e a l t h . T h o s e a p p l i c a b l e i n o r g a n i c
s t a n d a r d s are al so p r e s e n t e d in T a b l e 4 . All u p g r a d i e n t andd o w n g r a d i e n t s a m p l e s f r o m S i l v e r Creek meet t h e human h e a l t h s t a n d a r d s
f or an t imony, cadmium, chromium, c o p p e r , s i l v e r , s e l enium, and zinc.
B o t h u p g r a d i e n t a n d d o w n g r a d i e n t s a m p l e s f a i l t o meet human h e a l t h
s t a n d a r d s f o r ar senic a n d b e r y l l i u m . O n e u p g r a d i e n t s a m p l e , R F - S U - 0 2 ,
does not meet the human h e a l t h c r i t e r i a for nicke l . One d o w n g r a d i e n t
s a m p l e , R F - S W - 0 5 , do e s n o t meet t h e human h e a l t h s t a n d a r d f o r l e a d .

W h a t i s i m p o r t a n t to t h i s r epor t when examining inorganic
a n a l y t i c a l d a t a f o r S i l v e r Creek a n d when c o n s i d e r i n g t h e several s t a t e
s t a n d a r d s f o r t h e p r o t e c t i o n o f s u r f a c e w a t e r s ? T h e d e t e c t i o n o f lead
in one d o w n g r a d i e n t s a m p l e at 151 y g / 1 i s l i k e l y the most s i g n i f i c a n t
o b s e r v a t i o n . T h i s l ead l eve l a n d t h e r e l a t i v e l y l o w lead c o n c e n t r a t i o n
i n t h e f o u r u p g r a d i e n t s a m p l e s c o n s t i t u t e s a v i o l a t i o n o f t h e S t a t e C o d e
f o r p r o t e c t i o n o f C l a s s 1 C a n d C l a s s 4 s u r f a c e wa t er s . S a m p l e R F - S W - 0 5
al so d e m o n s t r a t e s a v i o l a t i o n o f t h e s t a t e s t a n d a r d f o r p r o t e c t i o n o f
human h e a l t h . T h i s s a m p l e m a y h e l p t o c o n f i r m t h e f i n d i n g s o f e a r l i e rs t u d i e s or h i g h l i g h t an area o f concern for l a t e r r emed ia l a c t i v i t i e s .I n t h e c on t ex t o f t h i s p r o j e c t , however, t h i s o b s e r v a t i o n o f a n e l e v a t e dlead level in one of two d o w n g r a d i e n t s u r f a c e wa t er s a m p l e s cannot be
seen as p o s i n g an i m m e d i a t e t h r e a t to human h e a l t h or the e n v i r o n m e n t .
A "release" has been d o c u m e n t e d , however the d o c u m e n t a t i o n of an o n g o i n g
event is sparse .

4.2.5 G R O U N D V A T E R
O n e u p g r a d i e n t a n d t w o d o w n g r a d i e n t m o n i t o r i n g w e l l s ( F i g u r e 1 )

were s a m p l e d d u r i n g the week o f A u g u s t 4 , 1992. R e s u l t s o f i n o r g a n i c
analyses are pre s en t ed in T a b l e 6. S a m p l e R F - G W - 0 4 is f r o m theu p g r a d i e n t w e l l ; s a m p l e s R F - G W - 0 5 and R F - G W - 0 9 ar e f r o m two w e l l s a t t h ebase o f the t a i l i n g s dam.

C a l c u l a t i o n o f t o t a l d i s s o l v e d s o l i d s ( T D S ) level o f t h e u p g r a d i e n t
well shows u p g r a d i e n t g r o u n d w a t e r to c o n t a i n l e s s than 500 p a r t s per
m i l l i o n ( p p m ) T D S . T h i s f i n d i n g i s c on s i s t en t w i t h u p g r a d i e n t T D S
c o n c e n t r a t i o n s f o u n d d u r i n g p r e v i o u s s a m p l i n g a c t i v i t i e s i n A u g u s t 1985.

S t a t e o f U t a h U a s t e w a t e r D i s p o s a l R e g u l a t i o n s , P a r t I I , S t a n d a r d so f Q u a l i t y f o r W a t e r s o f t h e S t a t e e s t a b l i s h e s c la s s e s o f g r o u n d w a t e r .I f on ly f i l t e r e d s a m p l e s a r e c o n s i d e r e d , u p g r a d i e n t g r o u n d w a t e r wou ld b ec l a s s i f i e d 1 A , P r i s t i n e G r o u n d w a t e r . I f u n f i l t e r e d s a m p l e s a r e
e v a l u a t e d , u p g r a d i e n t g r o u n d w a t e r would b e c l a s s i f i e d I I I , L i m i t e d U s e
G r o u n d w a t e r . S t a t e r e g u l a t i o n s a l s o e s t a b l i s h p r o t e c t i o n c r i t e r i a whichp r o h i b i t d i s c h a r g e s t o g r o u n d w a t e r t h a t would cause v i o l a t i o n s o f t h enumeric g r o u n d w a t e r q u a l i t y s t a n d a r d s .



C o m p a r i s o n o f u p g r a d i e n t versus d o w n g r a d i e n t water q u a l i t y f r o m
T a b l e 6 shows t h a t no i n d i v i d u a l c o n t a m i n a n t s increase t o c o n c e n t r a t i o n s
t h a t would cause v i o l a t i o n s o f e i t h e r C l a s s 1 A o r C l a s s I I I g r o u n d w a t e rp r o t e c t i o n s t a n d a r d s . I D S l e v e l s , however, show increases ( d o w n g r a d i e n t
versus u p g r a d i e n t ) we l l i n excess o f t h e p r o t e c t i o n s t a n d a r d s f o r e i t h e r
C l a s s 1 A o r C l a s s I I I g r o u n d w a t e r s . T h i s increase i n T D S o f g r o u n d w a t e r
i s a t t r i b u t e d t o t h e i n f l u e n c e o f t a i l i n g s m a t e r i a l o n water c h e m i s t r y
a n d c o n s t i t u t e s a v i o l a t i o n o f s t a t e r e g u l a t i o n s p e r t a i n i n g t o t h e
p r o t e c t i o n o f g r o u n d w a t e r q u a l i t y .

4.2.6 S E D I M E N T
F i g u r e I shows a " w e t l a n d s " area be tween the base o f the t a i l i n g sd a m a n d S i l v e r Creek . W i t h i n t h i s area f o u r s e d i m e n t s a m p l e s were

c o l l e c t e d . R e s u l t s o f i n o r g a n i c analy s e s o f t h e s e s a m p l e s i s p r e s e n t e d
in T a b l e 7 a l ong w i t h the normal ranges o f e l e m e n t a l c o n c e n t r a t i o n s in
s o i l s o f t h e western U n i t e d S t a t e s .

A n a l y t i c a l r e s u l t s show t h e f o l l o w i n g . A n t i m o n y i s p r e s e n t a t
l e v e l s 39 to 98 t i m e s h igher than the normal maximum c o n c e n t r a t i o n in
s o i l s o f the we s t e rn U n i t e d S t a t e s . A r s e n i c i s p r e s e n t a t l e v e l s 11 to
28 t ime s h igher than the normal maximum c o n c e n t r a t i o n in s o i l s of the
we s t ern U n i t e d S t a t e s . C a d m i u m i s p r e s e n t at l e v e l s 75 to 210 t i m e s
h igher than the normal maximum c o n c e n t r a t i o n in s o i l s o f the we s t e rnU n i t e d S t a t e s . Lead is pre s ent at l ev e l s 75 to 210 t imes higher thant h e normal maximum c o n c e n t r a t i o n in s o i l s o f t h e we s t ern U n i t e d S t a t e s .
M e r c u r y is p r e s e n t at l e v e l s 11 to 74 t i m e s h igh er than the normalmaximum c o n c e n t r a t i o n i n s o i l s o f t h e we s t e rn U n i t e d S t a t e s . S e l e n i u m
is p r e s e n t at l e v e l s 17 to 76 t i m e s h i g h e r than the normal maximum
c o n c e n t r a t i o n i n s o i l s o f t h e w e s t e r n U n i t e d S t a t e s . Z i n c i s p r e s e n t a t
l e v e l s 55 to 410 t i m e s h i g h e r than the normal maximum c o n c e n t r a t i o n in
s o i l s o f t h e w e s t e r n U n i t e d S t a t e s .

W a t e r f l o w t h r o u g h t h e w e t l a n d s area i s n o w p r i m a r i l y f r o m t h e
d i v e r s i o n d i t c h . S o m e s e e p a g e f r o m t h e t a i l i n g s area t h r o u g h o r around
t h e containment s t r u c t u r e may a l s o i n f l u e n c e f l o w a n d / o r c h e m i s t r y o ft h i s w e t l a n d s ( S e e R e p o r t S e c t i o n o n T a i l i n g s C o n t a i n m e n t ) . F l o w i s
toward S i l v e r C r e e k , and t h i s b a d l y c o n t a m i n a t e d s e d i m e n t a p p e a r s t o b e
t a i l i n g s m a t e r i a l t h a t i s b e i n g t r a n s p o r t e d f r o m t h e s i t e .

I n T a b l e 2 , I n o r g a n i c A n a l y t i c a l R e s u l t s f o r S o i l , s a m p l e R F - S O - 0 3w a s a s a m p l e o f t a i l i n g s m a t e r i a l . T h i s t a i l i n g s s a m p l e showed t h ef o l l o w i n g r a t i o o f s i x e l e m e n t s : arsenic ( 4 . 3 ) ; cadmium ( 1 ) ; c a l c i u m
( 7 1 3 ) ; iron ( 8 1 1 ) ; lead ( 7 0 ) ; a n d zinc ( 1 2 0 ) . I n T a b l e 7 , I n o r g a n i c
A n a l y t i c a l R e s u l t s f o r S e d i m e n t , t h e f o u r s e d i m e n t s a m p l e s p l u s o n ed u p l i c a t e , when a v e r a g e d , show the f o l l o w i n g r a t i o o f th e same s i x
e l e m e n t s : arsenic ( 3 . 1 ) ; cadmium ( 1 ) ; ca l c ium ( 9 0 4 ) ; iron ( 8 0 5 ) ; lead
( 7 2 ) ; a n d zinc ( 1 6 2 ) . T h e s e r a t i o s o f e l e m e n t s a r e very s i m i l a r a n dl i k e l y i n d i c a t e t h a t s e d i m e n t in th e w e t l a n d s area i s t a i l i n g s m a t e r i a lf r o m t h e s i t e .
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4 . 3 L A N D F I L L A S S E S S M E N T
4.3.1 G R O U N D W A T E R
T h r e e m o n i t o r i n g w e l l s were i n s t a l l e d i n t h e area o f t h e l a n d f i l ld u r i n g t h e week o f J u n e 2 2 , 1992. T h e s e w e l l s were s a m p l e d d u r i n g t h e

week of N o v e m b e r 9, 1992. S a m p l e l o c a t i o n s are shown on F i g u r e 1.
R e s u l t s o f i n o r g a n i c a n a l y s e s ar e p r e s e n t e d in T a b l e 8 . T h i s t a b l e a l s o
c o n t a i n s r e s u l t s f r o m a r i n s a t e b l a n k taken d u r i n g s a m p l e c o l l e c t i o n
a n d , f o r r e f e r e n c e , r e s u l t s f r o m R F - M W - 0 4 , a d i s t a n t background
m o n i t o r i n g w e l l .

As shown in F i g u r e 1 , the t h r e e m o n i t o r i n g w e l l s (1, 2 and 3) in
t h e area o f t h e m u n i c i p a l / s a n i t a r y l a n d f i l l r o u g h l y surround t h e
l a n d f i l l . A n a l y t i c a l r e s u l t s c o n f i r m t h a t s a m p l e l o c a t i o n R F - M W - 0 1 i s
h y d r a u l i c a l l y u p g r a d i e n t t o s a m p l e l o c a t i o n s R F - M W - 0 2 a n d R F - M W - 0 3 .
E s t i m a t e s o f t o t a l d i s s o l v e d s o l i d s ( T D S ) f o r t h i s u p g r a d i e n t m o n i t o r i n g
we l l show t h a t u p g r a d i e n t g r o u n d w a t e r TDS i s we l l be low 500 p p m . Based
on the inorgan i c a n a l y t i c a l r e s u l t s o f T a b l e 8 and a TDS value o f l e s s
than 5 0 0 p p m , g r o u n d w a t e r i m m e d i a t e l y u p g r a d i e n t o f t h e l a n d f i l l i s
c l a s s i f i e d a s C l a s s 1 A , P r i s t i n e G r o u n d w a t e r , b y t h e S t a t e o f U t a h
G r o u n d w a t e r Q u a l i t y S t a n d a r d s .

S t a t e p r o t e c t i o n l e v e l s f o r C l a s s 1 A g r o u n d w a t e r s a r e very r i g i d .
U t a h s t a n d a r d s i n c l u d e t h e f o l l o w i n g r e q u i r e m e n t s f o r C l a s s 1 A
g r o u n d w a t e r s .

1. TDS may not increase above 1.1 t i m e s the background value.
2. In no case w i l l the TDS increase above 500 p p m .
3. W h e n a c o n t a m i n a n t is pr e s en t in a d e t e c t a b l e amount as a

background c o n c e n t r a t i o n , t h e c o n c e n t r a t i o n o f t h e p o l l u t a n t
may not exceed 1.1 t i m e s the background c o n c e n t r a t i o n orexceed 0.1 t i m e s the g r o u n d w a t e r q u a l i t y s t a n d a r d whichever i sgrea t er .

4. W h e n a c o n t a m i n a n t is not p r e s e n t in a d e t e c t a b l e amount as a
background c o n c e n t r a t i o n , t h e c o n c e n t r a t i o n o f t h e p o l l u t a n t
may not exceed 0.1 t i m e s the g r o u n d w a t e r q u a l i t y s t a n d a r dvalue , or exceed the l i m i t o f d e t e c t i o n whichever i s g r e a t e r .

5. In no case w i l l the c o n c e n t r a t i o n of a p o l l u t a n t be a l l o w e d to
exceed t h e g r o u n d w a t e r q u a l i t y s t a n d a r d .

C o m p a r i s o n o f t h e background s a m p l e , R F - M W - 0 1 , w i t h t h e t w o
d o w n g r a d i e n t s a m p l e l o c a t i o n s , R F - M W - 0 2 a n d R F - M W - 0 3 , shows t h ef o l l o w i n g .

1. TDS l e v e l s in g r o u n d w a t e r increase in d o w n g r a d i e n t l o c a t i o n sto c o n c e n t r a t i o n s above 500 p p m .
2. Of s p e c i f i c i n o r g a n i c c o n t a m i n a n t s , arsenic shows the most

s i g n i f i c a n t increase i n c o n c e n t r a t i o n f r o m u p g r a d i e n t t o
d o w n g r a d i e n t s a m p l e s . A r s e n i c was below 5.0 ppb or u n d e t e c t e din the u p g r a d i e n t s a m p l e ( R F - G W - 0 1 ) . D i s s o l v e d arsenic was 24
ppb in R F - M W - 0 2 and 59 and 70 ppb in two s a m p l e s f r o m
R F - G W - 0 3 . T h e s t a t e g r o u n d w a t e r q u a l i t y s t a n d a r d f o r arsenic
i s 50 p p b . T h i s i s a c lear v i o l a t i o n o f s t a t e g r o u n d w a t e r
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p r o t e c t i o n r e q u i r e m e n t s wh i ch can b e a t t r i b u t e d t o t h e
l a n d f i l l .

T h e g r o u n d w a t e r s a m p l e s taken f r o m t h e area o f t h e l a n d f i l l were
a l s o ana lyz ed f o r o rgan i c c o n t a m i n a n t s ( v o l a t i l e s , ba s e-neu tra l acid
e x t r a c t a b l e c o m p o u n d s , a n d p e s t i c i d e s / P C B s ) . A n a l y t i c a l r e s u l t s o rorgani c ana ly s e s are not t a b u l a t e d in t h i s r e p o r t but can be summar iz ed
as f o l l o w s .

1 . F i v e v o l a t i l e c o m p o u n d s ( t o l u e n e , m e t h y l e n e c h l o r i d e , benzene,
a c e t o n e , 1 , 2 - d i c h l o r o e t h e n e ) were f o u n d in one or more s a m p l e s
at very low c o n c e n t r a t i o n s . T h e s e c o n c e n t r a t i o n s were be low
the c o n t r a c t r equ ir ed d e t e c t i o n l i m i t o f 10 ppb and cannot be
c o n s i d e r e d s i g n i f i c a n t .2. T h r e e ba s e -neu tra l acid e x t r a c t a b l e c o m p o u n d s were f o u n d in
one or more s a m p l e s at very low c o n c e n t r a t i o n s . The three
c o m p o u n d s were p h t h a l a t e c o m p o u n d s p r e s e n t at 1 to 2 p p b .
T h e s e a n a l y t i c a l f i n d i n g s were n o t s i g n i f i c a n t because t h e
c o m p o u n d s were a l s o d e t e c t e d in l a b o r a t o r y b lanks or the
c o n c e n t r a t i o n s f o u n d were be low th e c o n t r a c t requiredd e t e c t i o n l i m i t s . P h t h a l a t e s a r e common l a b o r a t o r y
c o n t a m i n a n t s .

3. No p e s t i c i d e or PCB was d e t e c t e d in any of the g r o u n d w a t e r
s a m p l e s ( R F - M W - 0 1 , R F - M W - 0 2 , R F - M W - 0 3 ) .

4.3.2 S U R F A C E W A T E R
Of the s ix s u r f a c e water s a m p l e l o c a t i o n s shown in F i g u r e 1 , twol o c a t i o n s ( R F - S W - 0 1 a n d R F - S W - 0 2 ) were u p g r a d i e n t o f t h e l a n d f i l l ; t h e

o t h e r l o c a t i o n s were d o w n g r a d i e n t . C o m p a r i s o n b e tween u p g r a d i e n t andt h e t w o c l o s e s t d o w n g r a d i e n t s a m p l e s ( R F - S W - 0 3 a n d R F - S W - 0 4 ) o f
inorgani c d a t a ( T a b l e 3 ) show n o s i g n i f i c a n t increase s i n c o n t a m i n a n t
c o n c e n t r a t i o n s a s S i l v e r Creek f l o w s p a s t t h e l a n d f i l l .

T h e s e s i x s u r f a c e wat er s a m p l e s were a l s o ana lyzed f o r organi c s( V O A s , B N A s , P e s t i c i d e s / P C B s ) . I n a l l s a m p l e s n o p e s t i c i d e / P C B s wered e t e c t e d at or above the i n s t r u m e n t d e t e c t i o n l e v e l . One BNA c o m p o u n d ,b i s ( 2 - e t h y l h e x y l ) p h t h a l a t e , Cas N u m b e r 117-81-7, was d e t e c t e d at
c o n c e n t r a t i o n s between 0.6 and 1 ppb at s a m p l e l o c a t i o n s R F - S W - 0 1 ,
R F - S W - 0 2 , R F - S W - 0 3 , and R F - S W - 0 4 . T h i s c ompound i s a very commonl a b o r a t o r y c o n t a m i n a n t . A t t h e very l o w l e v e l s d e t e c t e d i t s pr e s enc e
cannot be c on s id er ed s i g n i f i c a n t . T o l u e n e was d e t e c t e d at 3 ppb atthree s a m p l e l o c a t i o n s , R F - S W - 0 1 , R F - S W - 0 2 , a n d R F - S W - 0 3 . A t t h e s e verylow c o n c e n t r a t i o n s the pr e s enc e of t o l u e n e i s not a c e r t a i n t y ; howeverbecause two o f t h e t h r e e s a m p l e l o c a t i o n s were u p g r a d i e n t o f t h e
l a n d f i l l , t h e pr e s enc e o f t h i s c o n t a m i n a n t would n o t b e a t t r i b u t e d t ot h e l a n d f i l l .

I n summary, n o s i g n i f i c a n t f i n d i n g s came f r o m t h e o rgani c a n a l y s e so f s u r f a c e water s a m p l e s .

12



4 . 4 S I T E A C C E S S
A s e c u r i t y f e n c e ha s been put in p l a c e s u r r o u n d i n g the s i t e . Based

u p o n t h e T A T ' s i n s p e c t i o n s a n d o b s e r v a t i o n s d u r i n g s i t e a c t i v i t i e s a n d
based upon o b s e r v a t i o n s made by UPCM t h i s . s e c u r i t y f e n c e has been very
e f f e c t i v e a t p r e v e n t i n g access t o t h e s i t e . B e f o r e t h e s e c u r i t y f e n c e
was c o n s t r u c t e d , th e s i t e wa s mos t n o t a b l y used by " o f f road" m o t o r c y c l e
e n t h u s i a s t s .

13
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TABLE 1
COVER D E P T H M E A S U R E M E N T

R I C H A R D S O N F L A T T A I L I N G S S I T E
TDD #T08-9204-015

L O C A T I O N
200, OL
600, OL
1000, OL
1400, OL
1800, OL
2200, OL
2600, OL
2380, 400L1928, 400L1516, 400L
1119, 400L
737, 400L
330, 400L2800, 800L
2571, 800L
2215, 800L
1785, 800L
1407, 800L945, 800L531, 800L166, 800L130, 400L
-70, 400L-70, 600L2000, 1200L
2400, 1200L
2800, 1200L
3200, 1200L
3400, 1200L

DEPTH OF
COVER
10"
3-6"
>18"
>18"
>18"0-6"6-10"8-9"5-6">6n

4"7-8"8"
No Cover( S a l t G r a s s )No Cover( S a l t G r a s s )No Cover( S a l t G r a s s )No Cover( S a l t Gras s)3"~6-7"7-8"No Cover2T6.5"11?No Cover( S a l t G r a s s )No Cover( S a l t G r a s s )No Cover( S a l t G r a s s )No Cover( S a l t G r a s s )>10"

V I S U A L
C O N F I R M A T I O N
YesYes

NoYesYesY e s
YesYesYesYes
Yes
Yes
Yes
YesYesYesYesYesYesYesYes
Yes
Yes
Yes
Yes

XRF
C O N F I R M A T I O N
YesYes

YesYesYesYes
YesY e sYesYes
Yes
Yes
Yes
YesYesT e sYesYesYesYesYes
Yes
Yes
Yes
Yes

XRF
S A M P L E N U M B E R S
RF020, 021
R F 0 2 2 , 0 2 3 , 0 2 4 , 0 2 5

RF026RF027,028 ,029 ,030R F 0 3 2 , 0 3 3 , 0 3 4 , 0 3 5R F 0 3 6 , 037, 038,039RF040,041,042
RF044,045
RF048,049,050R F 0 5 5 , 0 5 6R F 0 5 7 , 0 5 8 , 0 5 9 , 0 6 0;
RF061,062 •
R F 0 6 3 , 0 6 4
R F 0 6 5 , 0 6 6
R F 0 6 7 , 0 6 8 , 0 6 9
R F 0 7 1 , 0 7 2 , 0 7 3RF074,075R F 0 7 6 , 0 7 7
RF080, 081,082RF083,084,085RF086,087,088,089R£091,092
RF093,094
R F 0 9 5 , 0 9 6
R F 0 9 7 , 0 9 8
R F 0 9 9 , 1 0 0



A N A L Y T E

TABLE 2
R I C H A R D S O N F L A T S T A I L I N G S

I N O R G A N I C A N A L Y T I C A L R E S U L T S F O R S O I L
C O N C E N T R A T I O N I N m g / k g

T D D #T08-9204-015

N O R M A L R A N G E
( m g / k g ) *

R F - S O - 0 1 R F - S O - 0 2 R F - S O - 0 3 R F - S O - 0 4 R F - S O - 0 5 R F - S O - 0 6

A l u m i n u mA n t i m o n y
A r s e n i c
Barium
B e r y l l i u m
C a d m i u m
C a l c i u m
C h r o m i u m
C o b a l tC o p p e r
I r o n
Lead
M a g n e s i u mM a n g a n e s eM e r c u r y
N i c k e l
P o t a s s i u mS e l e n i u mS i l v e r
S o d i u m
T h a l l i u mV a n a d i u m
Z i n c

29000-116000
0.22-1.012.8-10.9337-998
0.30-1.560.01-2.0***
19-90
3.6-14.0
10-43
10600-41000
9-31
192-7520.02-0.117-32
0.09-0.56
0.01-8***
0.1-0.8***36-13631-98

212005.0U
20. 9 J
253
1.13 . 0 J
5850
24. 4J
13.9
31.4
21800
111
4910
1190
0.11U20.747300.61U4 . 1 J
1 3 6 N J
0 . 3 5 N J
41.4
214

25300
5.0U3 . 5 J
282
1.1
1 . 8 J
5900
27. 9J
12.7
24.8
25600
34.952006370.11U21.645800 . 6 1 J
2 . 0 J
3 1 9 N J
0 . 4 3 N J
56.396.3

2960142J
3 5 7 J
117
1.283. OJ59200
12. 9J
12.6
454
67300577010100
20203 . 6 J18.591725. 4J20. 3J2 0 9 N J
41.7
13.010000

25800
5.0U
5 . 9 J2671.2
1 . 9 J5900
22. 2 J
15.0
27.2
23500
1 2 5 J
5150
899
0.10U
18.4
4330
0.61U
2 . 0 J
2 4 4 N J0 . 5 9 N J
51.4
127

220005 . 7 N J
16. 6J317
1.1
5 . 0 J
9480
24. 3 J
14.5
50.4
27500
223
47801030
0.11U21.345400.61U
2 . 0 J
2 4 8 N J
1 . 9 N J
57.4
432

25200
5 . 6 N J8 . 9 J197
1.2
2 . 4 J
4920
28. 2 J

• 10. OB
29.4
23100
102
5570
697
0 . 1 6 J
19.956500.61U
2 . 0 J
1 5 9 N J
0.32U
42.2
184

* D a t a F r o m : S h a c k l e t t e , H . T . , a n d Boerngen J . G . , 1984; E l e m e n t C o n c e n t r a t i o n s i n S o i l s a n d
O t h e r S u r f i c i a l M a t e r i a l s o f t h e C o n t e r m i n o u s U n i t e d S t a t e s , U . S . G e o l o g i c a l S u r v e y P r o f e s s i o n a lP a p e r 1270, 1 0 5 p p .
* * * - Bowen, H . J . M . , 1979, E n v i r o n m e n t a l C h e m i s t r y o f t h e E l e m e n t s , A c a d e m i c P r e s s , N Y .



TABLE 3
R I C H A R D S O N F L A T S T A I L I N G S

I N O R G A N I C A N A L Y T I C A L R E S U L T S F O R S U R F A C E W A T E R
C O N C E N T R A T I O N I N p g / 1T D D #T08-9204-015

A N A L Y T E R F - S W - 0 1 R F - S W - 0 2 R F - S W - 0 3 R F - S W - 0 4 R F - S W - 0 5 R F - S W - 0 6 R F - S t f - 0 7 R F - S t f - 0 8
A l u m i n u m
A n t i m o n yA r s e n i cBarium
B e r y l l i u mC a d m i u m
C a l c i u m
C h r o m i u m
C o b a l tC o p p e r
I r o n
Lead
M a g n e s i u m
M a n g a n e s eMercury
N i c k e lP o t a s s i u mS e l e n i u mS i l v e r
S o d i u m
T h a l l i u mV a n a d i u m
Z i n c

2 0 . 3 N J
3 6 . 7 N J
4 . 2 N J
4 9 . 2 N J
3 . 4 N J
3 . 9 N J
2330007.8U
6.0U
20. OU
193
35. 3J38700249J0.20U
11. 1U3 5 1 0 N J15. OU
2.4U636001 . 6 U
35. 7U
1110J

7 0 . 1 N J
2 4 . 8 N J
5 . 2 N J
5 4 . 6 N J
2 . 8 N J
3.3U
157000
7.8U
6.0U
20. OU
158
18. 8 J
370004 9 5 J0.20U2 5 . 4 N J2 1 1 0 N J15. OU
2.4U245001 . 6 U35. 7U2080J

1 9 . 3 N J
24. 3U
7 . 3 N J
5 0 . 5 N J
2 . 1 N J
3.3U
128000
7.8U
6.0U
20. OU
307
15. OJ
30600
458J0.20U
11. 1U
1 6 4 0 N J
15. OU
2.4U
20900
1.6U
35. 7U
7 6 9 J

6 5 . 5 N J
3 8 . 7 N J
7 . 6 N J
5 4 . 4 N J
2 . 1 N J
3 . 5 N J
149000
7.8U
1 0 . 4 N J
20. OU
356
36. 4J
33600438J0.20U11. 1U1 9 5 0 N J15. OU2.4U255001.6U
35. 7U
7 7 6 J

17. 1U24. 3U
7 . 2 N J
6 5 . 6 N J
2 . 4 N J
3.3U
163000
7.8U
6.0U20. OU
279
151J
36700
2 6 9 J
0.20U
11. 1U1 2 7 0 N J
15. OU
2.4U259001.6U35. 7U
4 6 6 J

1 8 5 N J
3 0 . 1 N J
12. 5J
6 6 . 0 N J
0 . 9 3 N J
3 . 3 U
146000
7.8U
6.0U
20. OU
446
33. 2J
37700
3 9 9 J0.20U
11. 1U
1 4 0 0 N J
15. OU
10. ON
27600
1 . 6 U
35. 7U
3 2 1 J

3 6 . 7 N J
24. 3U
5 . 7 N J
3 2 . 7 N J
3 . 2 N J
3 . 3 U
341000
7.8U
6.0U
20. OU
703
33. 3 J
61000
9 2 3 0 J
0.24
1 2 . 8 N J
3 1 8 0 N J
15. OU
10. OU512001 . 6 U35. 7U
64. 2 J

31924. 3U
11. 4J54 . 3NJ
l . O N J
3 . 3 U
190000
7.8U
6.0U
2 0 . 0 N J
1320
146J
38100
1590J
0.20U '
2 0 . 9 N J
1 1 5 0 N J
15. OU
10. OU
29500
1 . 6 U
35. 7U
7 4 5 J



TABLE 4
N U M E R I C S T A N D A R D S O F Q U A L I T Y

S I L V E R CREEK
S T A T E O F U T A H

V A S T E V A T E R D I S P O S A L R E G U L A T I O N S

A Q U A T I C

A n t i m o n y
A r s e n i c
Barium
B e r y l l i u m
C a d m i u m
Chromium

C o p p e r
I r o n
Lead
Mercury
M i c k e l
S e l e n i u m
S i l v e r
Z i n c

D O M E S T I C
S O U R C E ( 1 C )
( M a x . u g / 1 )

50
1000

10
50

50
2

10
50

W I L D L I F E ( 3 A )4 D a y A v g . / l H r . A v g .
( u g / 1 )

1 9 0 / 3 6 0 ( t r i A s )

2 . 5 / 1 2 . 5 A

11/16 (hex C r )
480/4035 ( t r i C r ) A

2 8 . 5 M 7 A

1000 ( M a x . )
2 . 5 / 5 . 7 A

. 012 /2 .4
3 7 7 / 3 3 9 0 A

5 / 2 0
/ 2 4 A

2 5 4 / 2 8 0 A

H U M A N
A G R I C U L T U R A L ( 4 ) H E A L T H ( B )
( M a x . u g / 1 ) ( U g / 1 )

146
100 .002

.0037
10 10
100 50

200 1000

100 50
.144
13.4

50 10
50
5000

- Based on hardness level of 280 m g / 1 as CaCO-.
B - H u m a n h e a l t h c r i t e r i a a p p l i e d t o a l l C l a s s 1C water b o d i e s t o p r o t e c t f or thec o n s u m p t i o n of water and aquat i c organi sms .



TABLE 5
F E D E R A L Q U A L I T Y C R I T E R I A F O R U A T E R

R I C H A R D S O N F L A T S T A I L I N G S
T D D I T 0 8 - 9 2 0 4 - 0 1 5

( C o n c e n t r a t i o n i n u g / 1 U n l e s s O t h e r w i s e S t a t e d )

C R I T E R I A F O R P R O T E C T I O N
O F F R E S H V A T E R W I L D L I F E

C R I T E R I A F O R P R O T E C T I O N
O F H U M A N H E A L T H

A n t i m o n y
A r s e n i c
BariumB e r y l l i u mC a d m i u mC h r o m i u m ( h e x )
C h r o m i u m ( t r i )
C o p p e r
I r o nLeadMangane s eMercuryN i c k e l
S e l e n i u m
S i l v e rT h a l l i u mZ i n c

A C U T E
C R I T E R I A
9000*
8 5 0 ( p e n t ) *
3 6 0 ( t r i )
130*
12. 5A16
46. 8A
303A
2.4
3390A260
24A1400*
280A

C H R O N I C
C R I T E R I A
1600*
48 ( p e n t ) *
1 9 0 ( t r i )
5.3*
2 . 5 A
11
28. 5A1000
11. 8A
0.012
377A35.12
40*
254A

W A T E R A N D F I S H
I N G E S T I O N
1.46
2.2 ng/1**
1 m g / 1
6.8 ng/1**
1050170 m g / 1
0.3 m g / 1
50
50144 n g / 1
13.4
105013

F I S H C O N S U M P T I O N
O N L Y

17.5 ng/1**

117 ng/1**

3433 m g / 1

100
146 n g / 1
100

48

F r o m : Q u a l i t y C r i t e r i a f o r W a t e r , 1986, E P A 440/5-86-001.
A - C a l c u l a t e d based on hardness at 280 m g / 1 CaCO-.
* - I n s u f f i c i e n t d a t a t o d e v e l o p cr i t er ia . V a l u e p r e s e n t e d i s the Lowes t
Observed E f f e c t Level ( L O E L ) .
** - H u m a n h e a l t h c r i t e r i a for carcinogens r e p o r t e d for three ri sk l e v e l s . Value s
p r e s e n t e d is the 10" risk l ev e l .



TABLE 6
R I C H A R D S O N F L A T S T A I L I N G S

I N O R G A N I C A N A L Y T I C A L R E S U L T S F O R G R O U N D W A T E R
C O N C E N T R A T I O N I N u g / 1

T D D #T08-9204-015

A N A L Y T E

A l u m i n u m
A n t i m o n y
A r s e n i c
Barium
B e r y l l i u m
C a d m i u m
C a l c i u m
C h r o m i u m
C o b a l tC o p p e rI r o n
LeadM a g n e s i u mM a n g a n e s e
Mercury
N i c k e lP o t a s s i u m
S e l e n i u m
S i l v e r
S o d i u mT h a l l i u m
V a n a d i u m
Z i n c

R F - G W - 0 4 R F - G W - 0 5 R F - G W - 0 9
T O T A L D I S S O L V E D T O T A L D I S S O L V E D T O T A L D I S S O L V E D

( F I L T E R E D ) ( F I L T E R E D ) ( F I L T E R E D )
15700
24. 3U3 . 7 N J
1 9 6 N J
1 . 3 N J
3.3U
42200
10.5
l l . O N J
30.0
14100
6 2 7 J122001 6 2 J
0.20U
1 3 . 0 N J
3 9 7 0 N J
3.0U
2.4U
16100
1.6U
35. 7U
1 3 6 J

1 9 1 N J3 3 . 2 N J
3 . 6 U
93 . 9NJ
0.90U
3 . 3 U
43500
7.8U6.0U171J15140. 9J838019. 5 J0.20U11. 1U1 3 6 0 N J
3.0U
10. OU
16800
1 . 6 U
35. 7U
20. U

2690
24. 3U5 . 2 N J
9 9 . 6 N J3 . 4 N J
3.3U
191000
7.8U7 . 5 N J30.0318015. 6 J44200890J
0.20U11. 1U6060
15. OU
2.4U
38100
1.6U
35. 7U
99. 5 J

49 . 6NJ
4 0 . 5 N J
3.6U
64. NJ
1 . 8 N J
3.3U
196000
7.8U
6.0U
2 0 . 0 N J
62 . 6NJ
2 . 2 U41800684J0.20U
24. 9B
5530
15. OU
10. OU
35700
1 . 6 U W
35. 7U
1 4 . 4 N J

1630
28 . 4NJ
11. 3J
58 . 3NJ
4 . 9 N J
3.3U
318000
7.8U
9 . 0 N J
2 0 . 0 N J
3 1 9 0 N J
31. OJ525006 6 7 0 J0.20U
2 5 . 6 N J
3 2 9 0 N J
15. OU
3 . 3 N J
48600
1.6U
35. 7U
92. 5J

68 . 5NJ3 5 . 9 N J
8 . 8 N J
4 6 . 2 N J
3 . 7 N J
3 . 3 U
365000
7.8U
6.0U
20. OU
21702 . 2 U550007420J
0.20U
2 8 . 9 N J
3 0 1 0 N J
15. OU
10. OU
49700
1 . 6 U
35. 7U
1 3 . 1 N J



A N A L Y T E

TABLE 7
R I C H A R D S O N F L A T S T A I L I N G S

I N O R G A N I C A N A L Y T I C A L R E S U L T S F O R S E D I M E N T
C O N C E N T R A T I O N I N m g / k g

T D D #T08-9204-015

N O R M A L R A N G E
( m g / k g ) *

R F - S E - 0 1 R F - S E - 0 1 D R F - S E - 0 2 R F - S E - 0 3 R F - S E - 0 4

A l u m i n u m
A n t i m o n y
A r s e n i cBariumB e r y l l i u m
C a d m i u mC a l c i u m
C h r o m i u m
C o b a l tC o p p e rI r o n
LeadM a g n e s i u m
ManganeseM e r c u r y
N i c k e lP o t a s s i u mS e l e n i u mS i l v e r
S o d i u m
T h a l l i u mV a n a d i u m
Z i n c

29000-116000
0.22-1.01
2.8-10.9337-9980.30-1.560.01-2.0***
19-903.6-14.0
10-4310600-41000
9-31
192-752
0.02-0.117-32
0.09-0.560.01-8***
0.1-0.8***36-13631-98

2880098. 5 J202J2602.375. 6J3980057. 7 J13.45713140065201410031005 . 9 J41.647609 . 9 J28. 2 J
4 7 2 N J
7.165.412700

2830097. 2 J128J307
2.293. U50800
62. 4J
20.0
72542800
6210
141005060
8 . 2 J
51.2
4760
14. 5J
41. 3J
5 5 5 N J
7.8
70.615200

193085. 4J189J92.1
1 . 2 N J
52. 8 J56300
15. 8J5 . 8 N J
183
31100
301013800
2200
2 . 7 J13.28 8 6 N J11. 4J10. 7J2 0 6 N J
13.6
9 . 5 N J
8160

453099. OJ310J157
1 . 1 N J64. 9J51000
14. 9 J19.3
313
91900
5220
11900
2330
2 . 4 J
21.3
1120
43. U
16. 3J
6 3 4 N J
7.8
17.8
11200

11800
40. U189J
5622 . 3 N J
40. 3J96000
25. OJ1 0 . 4 N J
19064400
2350
10900
42000
1 . 3 J
97.2
2710
12. OJ
8.0J11506.6
28.45400

* D a t a F r o m : S h a c k l e t t e , H . T . , a n d Boerngen J . G . , 1984; E l e m e n t C o n c e n t r a t i o n s i n
S o i l s a n d O t h e r S u r f i c i a l M a t e r i a l s o f t h e C o n t e r m i n o u s U n i t e d S t a t e s , U . S . G e o l o g i c a l
S u r v e y P r o f e s s i o n a l P a p e r 1270, 1 0 5 p p .
* * * _ Bowen, H . J . M . , 1979 , E n v i r o n m e n t a l C h e m i s t r y o f t h e E l e m e n t s , A c a d e m i c P r e s s ,
N Y .



TABLE 8
R I C H A R D S O N F L A T S T A I L I N G S

I N O R G A N I C A N A L Y T I C A L R E S U L T S F O R G R O U N D W A T E R - L A N D F I L L A R E A
C O N C E N T R A T I O N I N u g / L

TDD #T08-9210-041

A N A L Y T E
A l u m i n u mA n t i m o n yA r s e n i cBarium
B e r y l l i u mC a d m i u mC a l c i u mC h r o m i u m
C o b a l t
C o p p e r
I r o n
Lead
Magnes iumMangane s eM e r c u r y
N i c k e l
P o t a s s i u m
S e l e n i u m
S i l v e r
S o d i u mT h a l l i u mV a n a d i u m
Z i n c

R F - M W - 0 1
T O T A L D I S S O L V E D

( F I L T E R E D )
4600 J
14.8 U
3.8 J
178 J
0.35 U
1.5 U
102000
3.7 J
1.8 U
7.4 U
3410
1.6 J21900
1500.332.7 U1780 J3.9 U3.6 U26200
3.8 U6.8 J
24.7 U

18.1 UJ
14.8 U
3.2 U123 J
0.30 U
1.5 U
1000002.6 UJ
1.3 U
1.9 U
5.8 U
2.9 J
21000
74.9
0.17
2.6 U1460 J3.9 U3.6 U260003.8 U3.2 J
7.0 U

R F - M W - 0 2 R F - M W - 0 3
T O T A L D I S S O L V E D T O T A L D I S S O L V E D

( F I L T E R E D ) ( F I L T E R E D )
94900 J
14.8 U
66.8
1180
4.6 J38.1
320000110 J
44.9 J
142
77700
18774800223000.49
93.122100 J19.5 UJ
3.6 U
836003.8 U149448

1710 J14.8 U24.2125 J0.30 U1.5 U
2980002.6 UJ
15.4 U
1.9 U
859
1.7 J47800199000.10 U16.4 U
3800 J
3.9 U3.6 U824003.8 U3.4 J20.6 U

58000 J14.8 U81.1
6223.2 J
1.5 U
230000
66.7 J
36.1 J
51.8 U
58000
29.5
75800
11500
0.10 U71.2
12800 J19.5 UJ3.6 U
859003.8 U88.9177

16.3 UJ
14.8 U58.584.2 J0.30 U1.5 U
209000
2.6 UJ
3.5 U
1.9 U5210
3.9
54300
83500.17
8.6 U1070 J
3.9 U3.6 U
840003.8 U2.5 U5.7 U



T A B L E 8 C O N T .
R I C H A R D S O N F L A T S T A I L I N G S

I N O R G A N I C A N A L Y T I C A L R E S U L T S F O R G R O U N D W A T E R - L A N D F I L L A R E A
C O N C E N T R A T I O N I N u g / L

T D D t tT08-9210-041

A N A L Y T E
A l u m i n u m
A n t i m o n y
A r s e n i cBarium
B e r y l l i u mC a d m i u m
C a l c i u mC h r o m i u m
C o b a l tC o p p e r
I r o n
Lead
M a g n e s i u m
Mangane s e
M e r c u r y
N i c k e l
P o t a s s i u mS e l e n i u m
S i l v e r
S o d i u mT h a l l i u mV a n a d i u m
Z i n c

R F - M t f - 0 3 ( D U P . )
T O T A L D I S S O L V E D

( F I L T E R E D )
44700 J
14.8 U
81.7
514
2.4 U
1.5 U
23000048.8 J28.2 J37.6 U
4490029.972000
11200
0.10 U55.1
10500 J
19.5 UJ
3.6 U
878003.8 U69.5
136

14.7 UJ
14.8 U
70.085.1 J
0.30 U
1.5 U211000
2.6 UJ3.5 U
1.9 U5240
2.7 J
54900
8440
0.10 U7.2 U
1060 J
3.9 U
3.6 U
847003.8 U2.6 J5.7 U

R F - G W - 0 4
T O T A L D I S S O L V E D

( F I L T E R E D )
15700
24.3 U
3.7 B
196 B
1.3 B
3.3 U
42200
10.5
11.0 B
30.0
14100
627 N*
12200
162 E
0.20 U13.0 B
3970 B
3.0 UNW
2.4 UN
16100
1.6 U
35.7 UN
136 EN

191 B
33.2 B
3.6 U
93.9 B
0.90 U
3.3 U
435007.8 U
6.0 U
171 EN*
151
40.9 N*
8380
19.5 E
0.20 U
11.1 U1360 B
3.0 UN
10.0 UN
16800
1.6 U
35.7 UN
20.1 EN

R F - G W - 3 0
( R I N S A T E

B L A N K )
14.7 UJ
17.9 J
3.2 U
1.4 U
0.30 U
1.5 U
201 J
2.6 UJ
1.3 U
1.9 U
18.1 U
2.7 J
49.6 U
7.0 U0.10 U
3.4 U
108 J
3.9 U
3.6 U
259 J
3.8 U
2.5 U
5,7 U



T A B L E 9
R I C H A R D S O N F L A T S T A I L I N G S

L I S T O F I N O R G A N I C D A T A Q U A L I F I E R S
T D D IT08-9204-015

B - E n t e r e d i f the r e p o r t e d value i s l e s s than the C o n t r a c t Requir ed
D e t e c t i o n L i m i t ( C R D L ) b u t g r e a t e r than o r equal t o t h e I n s t r u m e n t
D e t e c t i o n L i m i t ( I D L ) .
E - The r e p o r t e d value is e s t i m a t e d because of the presence of
i n t e r f e r e n c e . An e x p l a n a t o r y no t e must be i n c l u d e d under comment s on
t h e Cover Page ( i f t h e p r o b l e m a p p l i e s t o a l l s a m p l e s ) o r o n t h e
s p e c i f i c F O R M I - I N ( i f i t i s a n i s o l a t e d p r o b l e m ) .
J - The a s s o c i a t e d numerical value i s an e s t i m a t e d q u a n t i t y because the
r e p o r t e d c o n c e n t r a t i o n s were l e s s t han th e required d e t e c t i o n l i m i t s o r
q u a l i t y c o n t r o l c r i t e r i a were no t me t .
N - M a t r i x s p i k e d s a m p l e recovery n o t w i t h i n c o n t r o l l i m i t s .
S - The r e p o r t e d value was d e t e r m i n e d by the M e t h o d o f S t a n d a r d
A d d i t i o n s ( M S A ) .
U - Entered i f the a n a l y t e was a n a l y z e d for but not d e t e c t e d , i.e.,
le s s than t h e I D L .
W - P o s t d i g e s t i o n s p i k e f or F u r n a c e AA a n a l y s i s i s ou t o f c o n t r o l
l i m i t s ( 8 5 - 1 1 5 % ) , w h i l e s a m p l e absorbance i s l e s s than 50% o f s p i k eabsorbance.
* - D u p l i c a t e a n a l y s i s i s not w i t h i n c o n t r o l l i m i t s .
+ - C o r r e l a t i o n c o e f f i c i e n t f o r t h e M S A i s l e s s than 0.995.
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ecology ana environment, inc.
1776 S O U T H J A C K S O N S T R E E T . D E N V E R . C O L O R A D O 80210, T E L . 303-757-4984
I n t e r n a t i o n a l S o e c i a l i s t s i n t h e E n v i r o n m e n t

Memorandum
T o : M i k e Zimmerman

E P A - O S CF r o m : Mike S u l l i v a nTAT Reg ion 8Date: 8 / 6 / 9 2S u b j e c t : I n s p e c t i o n o f t h e T a i l i n g s D a m a t Richardson F l a t s T 0 8 -
9204-015.

U n d e r T D D # T 0 8 - 9 2 0 4 - 0 1 5 t h e Q . S . Environmental P r o t e c t i o n Agency( E P A ) tasked t h e E c o l o g y & Environment , I n c . T e c h n i c a l A s s i s t a n c eT e a m ( T A T ) t o in spec t t h e T a i l i n g s D a m a t t h e Richardson F l a t sT a i l i n g s Pond near Park C i t y , U t a h and to p rov id e a report on thef i n d i n g s of the in sp e c t i on . The in spe c t i on did not encompass anytrenching or boring in the embankment which would be required fora f u l l assessment of the structure. T h i s report re l i e s h eav i ly onthe two reports generated by Dames and M o o r e , I n c . , and on a visuali n s p e c t i o n of the structure. The Dames & Moore r epor t s are "Reportof Embankment and Die Des ign Requirements P r o p o s e d T a i l i n g s PondD e v e l o p m e n t N e a r Park C i t y , Utah f o r Park C i t y Venturescorporat ion" ( 1 9 7 4 ) and "Report on T a i l i n g Pond I n v e s t i g a t i o n nearPark C i t y , Utah f o r N o r a n d a M i n i n g , Inc" ( 1 9 8 0 ) .
B A C K G R O U N D
T h e Richardson F l a t s T a i l i n g s P o n d , l o ca t ed near Park C i t y , U t a h ,was a t a i l i n g s pond which received s lurried mi l l and mine wastesf r o m mining opera t i on s in the Park C i t y area. T a i l i n g s weret r a n s p o r t e d to the pond via a slurry p i p e l i n e . A c c o r d i n g to theh i s t or i ca l r e cord s , Richardson F l a t s was o r i g i n a l l y a f l a t areawith in t ermi t t ent drainage s and S i l v e r Creek running across it.The area was somewhat marshy and boggy. The original t a i l i n g s damwas constructed of organic s o i l s excavated f r o m the s i te and p i l e dup to f o r m a small berm. Later raises for the embankment werecon s t ru c t ed , as ne eded , out of s and s , g r a v e l s , organic s i l t s , aswell as rubbish and garbage (Dames & Moore , Inc 1 9 7 4 ) .
In 1974 Dames & Moore , I n c . was contracted by Park C i t y VenturesC o r p o r a t i o n , the owners of the mine, to inve s t iga t e e n l a r g i n g thet a i l i n g s pond. Dames & Moore I n c . , was to prov id e des ignrequirements for the propos ed embankments with spec ial at tentiongiven to min imiz ing s e epage o f contaminated pond e f f l u e n t f r o m thet a i l i n g s p o n d . T h e i n v e s t i g a t i o n program consi s ted o f e x p l o r a t o r y

recyc l ed p a p e r



b o r i n g , test p i t s , l a b o r a t o r y a n a l y s i s f o r s t r e n g t h charac t e r i s t i c so f t h e s o i l s , and a n a l y s i s o f th e d a t a t o p r o v i d e d e s i g nrequirements . T h e repor t c a l l e d f o r c o n s t r u c t i o n o f a mainembankment , a d i k e a l o n g the southern and northern ends of thep o n d , and c on s t ruc t i on of a d i v e r s i o n d i t c h to route r u n o f f awayf r o m the pond .
In 1974 the embankments and d iv er s i on d i t c h were c on s t ru c t ed ,g e n e r a l l y in accordance with the requirements as ou t l ined in theDames & Moore r epor t .
In 1980 Dames & M o o r e , I n c . again i n v e s t i g a t e d the structure forN o r a n d a M i n i n g , I n c . , the new owners of the mine. As s tated in thereports introduct ion the o b j e c t i v e of thi s inve s t igat ion was to"... assess the overa l l c o n d i t i o n and u s e f u l n e s s of the e x i s t ingf a c i l i t i e s and to d e t ermine what measures w i l l be required forlong-term t a i l i n g s d i s p o s a l f r o m the Park C i t y mine." In thisreport Dames & M o o r e noted that enlargement of the embankment hadnot been . . . "bu i l t a c c o r d i n g to recommendat ions ..." and that thef i l l wa s no t " . . . p r o p e r l y engineered during construct ion.".S p e c i f i c p r o b l e m s noted by Dames & Moore in the c on s t ruc t i on of themain embankment i n c l u d e d : oversteepened s l o p e s of a p p r o x i m a t e l y1.5:1.0 in many p l a c e s , no evidence of internal zoning of theembankment ( c l a y c o r e ) , the recommended drainage zone at thedownstream toe was not i n s t a l l e d , and that overall compaction ofthe material in the embankment was poor. A l s o noted at th i s timewas "... c o n s i d e r a b l e s e epage in the f o r m of small s eeps and marshyareas on the northwest abutment and at the downstream toe of themain embankment...". The report recommended a d d i n g a drainageblanket to the toe of the embankment, f l a t t e n i n g the oversteepeneds l o p e of the main embankment, and gave cons truc t ion sequences fora d d i n g to the d ike s .

F I E L D I N S P E C T I O N
On Augus t 4, 1992 TATm S u l l i v a n in spe c t ed the main abutment of theT a i l i n g s Pond. F r o m visual i n s p e c t i o n and r e f e r e n c i n g the crosssections prov ided in the Dames & Moore report it a p p e a r s that thedike was raised f r o m the 1980 l e v e l s a l t h o u g h not to the u l t i m a t ede s ign level s . It is probab l e that the main embankment was alsoraised at the same time. No data is a v a i l a b l e on the construct ionor cons truc t ion i n s p e c t i o n of thi s la s t round of construction. Thevisual inspec t ion al so indicated that the oversteepened s l o p e ofthe main embankment had not been f l a t t e n e d and that the drainagezone at the toe of the main embankment had not been i n s t a l l e d .
The M a i n Embankment-
The main embankment is about 30 f e e t h igh with a s l o p e l e n g t h ofa p p r o x i m a t e l y 50 f e e t . The main embankment is overs teep l y i n g at1.0:1.0 to 1.5:1.0 ( r u n : r i s e ) . A p p r o x i m a t e l y 6" of f i n e dry sand,p o s s i b l y w indb lown t a i l i n g s , was noted under a 3" t o p s o i l coverlayer on the downstream f a c e of the embankment. The sand has no



s t r e n g t h and w i l l erode qu i ck ly if e xpo s ed . A 35% to 50% grasscover was on most of the embankment which w i l l h e l p in erosionc o n t r o l . No cracking was evident on the e m b a n k m e n t , a l t h o u g h thesand layer would tend to h ide any smal l cracking. A l s o , no bending( b u l g i n g ) was noted on the embankment.
Toe o f the Main Embankment-
Rank v e g e t a t i o n , in the f o r m of w i l l o w s and t r e e s , is growing atthe toe of the dam. A p p r o x i m a t e l y 8" of loamy damp s o i l s areevident on the toe of the dam. The amount of v eg e ta t i on and thet y p e of s o i l s on the toe of the dam i n d i c a t e that the area receivesa lot of water. As the wet s o i l s were noted a p p r o x i m a t e l y 6 to 8f e e t above the stream level th i s water is p r o b a b l y due to seepageunder the dam. Other evidence of s e epage f r o m the toe of the damwas evident in the f o r m of; s o f t marshy areas, rank vegetationi n c l u d i n g w i l l o w s , loamy s o i l s , d a m p s o i l s , and areas where waterhad been s t a n d i n g ( a l t h o u g h no s t a n d i n g water was observed onAugus t 4 t h ) .
T h e N o r t h A b u t m e n t -
A swampy, loamy area on the north abutment, a d j a c e n t to where theembankment meets the abu tment , was noted. The area was well abovethe toe of the dam at the l o c a t i o n of the north monitoring well..The north abutment well recharged well when b a i l e d . T h e s ec ond i t i on s i n d i c a t e that water seeps around or through the contactbetween the abutment and the embankment. Under f u l l headc ond i t i on s ( s a t u r a t e d t a i l i n g s ) thi s could be an area where f a i l u r eof the embankment could occur.
Crest of the M a i n Embankment-
The crest i s s l o p e d back toward the t a i l i n g s pond a l l o w i n g anywater to drain back to the t a i l i n g s p o n d . H o w e v e r , small erosionalg u l l i e s are f o r m i n g on the crest and downstream f a c e of the dam andcould e v e n t u a l l y lead to larger g u l l y i n g on the dam.
W a t e r F l o w -
W a t e r e l eva t i on s behind the embankment are unknown, however theelevation of water in the d i t ch and the pond south of the ta i l ingspond are p r o b a b l y ind i ca t i v e of the e l eva t ion of groundwater behindthe embankment. F r o m the i n f o r m a t i o n a v a i l a b l e in the Dames &Moore, Inc. r eport s , it is un l ik e ly that a c u t o f f wall wasi n s t a l l e d around the p er ime t er of the pond to control s e epage undereither the embankment or the dike. The p i e z o m e t e r l o ca t ed on thetoe of the dam indicated the water level to be 5 f e e t below ground.The swampy ground and recharge rate of the moni tor ing well on thenorth abutment indi ca t e s that water f l o w f r o m some source isoccurring. I n s p e c t i o n of the road cut north of the abutmentrevealed no seeps . W i t h o u t f u r t h e r inve s t i ga t i on it isconservative to use a worst case scenario and assume that thesource of the s e ep is the water in the t a i l i n g s behind the dam and



that the abu tment \ embankment contac t i s a d r a i n a g e p a t h for thewater.
Per ime t er Dike-
The p er ime t er d ike was p r o b a b l y constructed by s t r i p p i n g m a t e r i a l so f f o f th e downstream side and p i l i n g the u n d i f f e r e n t i a t e d materialup as a dike. The s l o p e s are a p p r o x i m a t e l y 2.0:1.0. The dike isused as the access road for the pond and its e l eva t i on varies f r o m2 to 5 f e e t above the level of the t a i l i n g s in the pond . The dikea p p e a r s to be in good c o n d i t i o n .
Diver s i on Ditch-
The d iv er s i on d i t c h has been cons truc ted a l o n g the per imeter o f thet a i l i n g s pond as d e s i g n e d by Dames & Moore. The d i t c h d e p t h andw i d t h varies, g e n e r a l l y g e t t i n g d e ep er and wider as it progr e s s e sdownstream. S t a n d i n g water was evident in most of the d i t c h on thesouthern p e r i m e t e r o f the p r o p e r t y . Rushes , s e d g e s , and c a t t a i l swere growing in the bo t t om of the d i t c h a l o n g the entire l eng th .Recent work has been p e r f o r m e d by the owners in f l a t t e n i n g thed i t ch banks and a d d i n g t o p s o i l to the banks. T h i s work isa p p r o x i m a t e l y o n e - h a l f c o m p l e t e d . A c c o r d i n g to the owners, therest of the d i t c h is to be s i m i l a r l y regraded and t o p s o i l e d . Atthe time TAT in sp e c t ed the s i t e , the h i l l s i d e diversion d i t c h , onthe north per imeter of the t a i l i n g s p o n d , had been cut off f r o m themain d i t c h as a result of t o p s o i l s t r i p p i n g . T h i s importantf e a t u r e should be reconnected to the main d i t c h as soon as f e a s i b l eto prevent a d d i t i o n a l water f l o w i n g into the t a i l i n g s pond .
C O N C L U S I O N S
kBased on TATs i n s p e c t i o n , the previous inve s t i ga t i on conducted byDames & M o o r e , and that the t a i l i n g s pond seems to be e s s e n t i a l l ydry, there would a p p e a r s to be no imminent threat of f a i l u r e of themain embankment. F a i l u r e could occur due to the overs teepenednature of the embankment, e s p e c i a l l y if the embankment becomessaturated due either to saturat ion of the t a i l i n g s or to saturationof the embankment i t s e l f . A threat ex i s t s of undermining of the damthrough the uncontro l l ed seepage areas located along the toe of themain embankment and on the north abutment. A g a i n the threat wouldbe increased if the t a i l i n g s become saturated thus increas ing thehead pressure and p o s s i b l y the v e l o c i t y of water f l o w through theseeps.The p r o p e r t y owners are k e ep ing open the o p t i o n of r eac t iva t ing thet a i l i n g s pond . I f t h e t a i l i n g s pond i s react ivated a d d i t i o n a lrecommended actions are noted in p a r a g r a p h B. below.
R E C O M M E N D A T I O N S
A. K e e p i n g the t a i l i n g s pond dry through the maintenance of thedivers ion d i t c h e s w i l l do the most to prevent f a i l u r e of theembankment and a p o s s i b l e release of the t a i l i n g s into theenvironment. The connection between the h i l l s i d e divers ion



d i t c h and the p e r i m e t e r d iv er s i on d i t c h shou ld be r e s t or ed . Inthe f u t u r e , the s l o p e s on the main embankment should bef l a t t e n e d to 2 . 0 : 1 . 0 or g r e a t e r , and the toe dra inage blanketshou ld be i n s t a l l e d to a l l o w l i q u i d s to drain away f r o m theembankment. A moni t or ing wel l should be i n s t a l l e d on the topof the t a i l i n g s pond next to the embankment to monitor thee l eva t i on of groundwater w i th in the pond and at theembankment. W i t h water level e l eva t ion data a v a i l a b l e for bothups t r eam of the embankment and at the toe of the embankmentb e t t e r , e v a l u a t i o n s of the s t a b i l i t y of the structure can bemade. If any s eeps a p p e a r on the embankment they should bemonitored for both quant i ty and q u a l i t y . S e e p s carrying asediment load g e n e r a l l y i n d i c a t e that active undermining o fthe embankment may be occurring. U n d e s i r a b l e v ege ta t ion inthe f o r m of w i l l o w s and trees should be removed f r o m theembankment.
B. If the pond i s t o be used for t a i l i n g s d e p o s i t i o n , sa turat ionof th e e x i s t i n g t a i l i n g s i s a d i s t i n c t p o s s i b i l i t y . W i t hs a t u r a t i o n , the p o s s i b i l i t y of f a i l u r e o f the embankment i sraised due to the overs t eepened s l o p e s , the e x i s t i n g seeps inthe downs tr eam toe of the dam, and the s eeps a l o n g the northabutment. S a t u r a t i o n of the t a i l i n g s would increase the headpressure on the s e e p s , p o s s i b l y increas ing the ve lo c i ty andamount of water s e e p i n g through the embankment. A l s o ,sa turat ion of the t a i l i n g s w i l l tend to raise the watersur face wi thin the embankment i t s e l f . W e t t i n g of the materialwithin the embankment can s i g n i f i c a n t l y reduce the a b i l i t y ofthe mater ia l to resist f a i l u r e . Because the embankment isa p p a r e n t l y constructed of u n d i f f e r e n t i a t e d mater ia l s i t wouldbe prudent to add in the dra inage b lanket at the toe of theembankment and to f l a t t e n the embankment as recommended in the1980 Dames & Moore report. The p o s s i b i l i t y of a c u t - o f f wallbeing i n s t a l l e d in the embankment should al so be i n v e s t i g a t e d .A l s o , continual moni t or ing o f th e s e epage f r o m the toe,i n s t a l l a t i o n of a network of p i ezometer s and inc l inomet er s isrecommended to c o n t i n u a l l y assess the i n t e g r i t y and s t a b i l i t yof the embankment.
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